i n t o a number o f t e t r a h e d r a and t r i a n g u l a r elements, respectively, and unknown e l e c t r i c f i e l d v e c t o r s and magnetic flux d e n s i t y v e c t o r s a r e assumed on boundaries of two m a t e r i a l s , and unknown e l e c t r i c f i e l d v e c t o r s are assumed i n t h e c o n d u c t o r r e q i o n s . Electric f i e l d v e c t o r s and magnetic flux density v e c t o r s on t h e t r i a n g u l a r e l e m e n t and e l e c t r i c f i e l d vectors in the tetrahedron are approximated through the u s e o f l i n e a r f u n c t i o n c o o r d i n a t e s . A f t e r d e t e r m i n i n g t h e s e unknown vectors, 3-dimensional eddy c u r r e n t d i s t r i b u t i o n s i n the conductors are.computed.
Here, a conducting sphere model and a s q u a r e p l a t e model were chosen as examples. The computed r e s u l t s of a conducting sphere model u s i n g t h i s method were examined i n c o n t r a s t t o t h o s e of a coupled circuit model.
FORMULATION OF BOUNDARY ELEMENT METHOD
Formulation of a boundary element method f o r computing 3-dimensional eddy c u r r e n t d i s t r i b u t i o n s a r e i l l u s t r a t e d b y t h e u s e of t h e t y p i c a l eddy c u r r e n t problem shown i n F i g .
1.
Maxwell's equations for s i n u s o i d a l time dependence and t h e c o n s t i t u t i v e r e l a t i o n s are given by
v . I ; = o 
is t h e c u r r e n t d e n s i t y

Js is t h e s o u r c e c u r r e n t d e n s i t y u is t h e c o n d u c t i v i t y 11 is t h e p e r m e a b i l i t y E is t h e p e r m i t t i v i t y w i s the angular frequency j i s t h e complex o p e r a t o r
The second term on right side of ( 6 ) , a , r e p r e s e n t s t h e eddy c u r r e n t d e n s i t y .
where P and Q a r e t h e v e c t o r f u n c t i o n s of p o s i t i o n h a v i n g t h e c o n t i n u o u s f i r s t and second d e r i v a t i v e s w i t h i n and on t h e s u r f a c e , S , by which t h e r e g i o n , VI, is enclosed, and i s t h e normal u n i t v e c t o r a t i n t e g r a t i o n p o i n t . S u b s t i t u t i n g $=$, &@ (2 i s an a r b i t r a r y u n i t v e c t o r ) i n t o ( 7 ) , and using (1) , ( 2 ) ,..., ( 5 ) and ( 6 ) , t h e e l e c t r i c f i e l d , %il, a t computation point, il, i s obtained as follows:
where + i s a weighting function($=1/47rr). Similarly, t h e m a g n e t i c f l u x d e n s i t y , E;,,, a t computation p i n t ,
where c o e f f i c i e n t , C i l , i s decided by the position of the computation point, il,
where nil i s t h e s o l i d a n g l e a t il a s shown i n F i g . 1.
In a similar way, t h e e l e c t r i c f i e l d , & 2 , and t h e magnetic flux density, Si2, a t computation point, i 2 , where and a r e t h e t a n g e n t i a l u n i t v e c t o r s at. computation point, i , on S , which i n t e r s e c t perpendicularly to each other. Next, from ( 8 ) , (91, (ll), (12) , and (13;, t h e s i m u l t a n e o u s e q u a t i o n s f o r t h e e l e c t r i c f i e l d s , ~i , and t h e m a g n e t i c f l u x d e n s i t y , ~i , a t computation point, i, on S i n t h e s i d e o f V1 a r e obtained as follows:
-+ where CL=EO/(&-ju/W) . E n i , is t h e normal component of 8,. E U i and E v i a r e t h e t a n g e n t i a l components of
Ei.
Bni i s t h e normal component of si. Bui and Bvi a r e t h e t a n g e n t i a l components of 3 5 . Here, t h e r e g i o n , V1, and the boundary surface, S , a r e d i v i d e d i n t o a number o f t e t r a h e d r a a n d t r i a n g u l a r e l e m e n t s , r e s p e c t i v e l y , a n d e l e c t r i c f i e l d v e c t o r s and magnetic flux density v e c t o r s on t h e t r i a n g u l a r e l e m e n t and electric f i e l d vectors in the tetrahedron are approximated through the u s e o f l i n e a r f u n c t i o n c o o r d i n a t e s . The f i n a l s i m u l t a n e o u s e q u a t i o n s f o r c o m p u t i n g t h e e l e c t r i c f i e l d and magnetic flux density vectors numerically are formed by using (14) ,(15), (16) and ( 1 7 ) a t each computation point on the boundary surface, S , and by using ( 8 ) a t each computation p i n t i n t h e r e g i o n ,
VI,
and each element of the final simultaneous equations i s obtained by using numerical integrations.
After determining the unknown e l e c t r i c f i e l d v e c t o r s and magnetic flux density vectors, 3-dimensional, eddy c u r r e n t d i s t r i b u t i o n s i n t h e c o n d u c t o r s a r e
computed by using ( 8 ) and t h e second term on t h e r i g h t s i d e o f (6).
COMPUTATION RESULTS
A conducting sphere model and a s q u a r e p l a t e model were chosen a s examples of t h e a p p l i c a t i o n o f t h i s method .
A Conductinq Sphere Model A conducting sphere model i n a uniform a l t e r n a t i n g magnetic field131 and the arrangement of tetrahedra and t r i a n g u l a r e l e m e n t s f o r one e i g h t h p a r t of t h e 
.
The number of t e t r a h e d r a and t h a t o f t r i a n g u l a r elements are 702 and 54, r e s p e c t i v e l y . and ti a r e t h e r e s i s t a n c e and t h e s e l f i n d u c t a n c e for c o i l i, r e s p e c t i v e l y , Mi) is t h e mutual inductance between coil i and c o i l j and Qi is t h e q u a n t i t y of t h e i n t e r l i n k where K ( k ) and E ( k ) are t h e f i s t k i n d o f c o m p l e t e e l l i p t i c i n t e g r a l and t h e second kind of complete e l l i p t i c i n t e g r a l , r e s p e c t i v e l y , and k i s given by 4 a i a,
The c o m p u t a t i o n r e s u l t s of t h e eddy c u r r e n t d i s t r i b u t i o n s and t h o s e o f m a g n e t i c f l u x d e n s i t y d i s t r i b u t i o n
A s shown i n F i g . 7 , t h e r e s p e c t i v e c o m p u t a t i o n r e s u l t s proved t o b e c o i n c i d e n t .
A Square Plate Model
The arrangement of tetrahedra and triangular e l e m e n t s f o r o n e f o u r t h p a r t o f t h e s q u a r e plate i s shown i n F i g . 8. The number o f t e t r a h e d r a a n d t h a t o f t r i a n g u l a r e l e m e n t s a r e 288 and 1 1 2 , r e s p e c t i v e l y . The computation conditions of this model a r e shown i n F i g . 9 .
The c o m p u t a t i o n r e s u l t s o f t h e s q u a r e p l a t e model i n a u n i t a l t e r n a t i n g m a g n e t i c f i e l d and near a current carrying conductor are shown i n F i g . i n a S q u a r e P l a t e
CONCLUSION
In this paper, the boundary element msthod f o r computing 3-dimensional eddy current distributions and the computation results were described.
The computation results of a conducting sphere model by t h i s method almost agreed with those of a coupled circuit model. The a d v a n t a g e o f t h i s method i s t h a t t h e f o r m u l a t i o n o f t h i s method i s performed without gauge condition, which appears in the formulation of finite element method u s i n g p o t e n t i a l s , and boundary conditions of electric f i e l d a n d m a g n e t i c f l u x d e n s i t y . a r e p h y s i c a l l y c l e a r . This method can be applied to computation of eddy c u r r e n t d i s t r i b u t i o n s i n m a g n e t i c m a t e r i a l s and conductors with 3-dimensional shapes. 
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